Most transiting planets orbit very close to their parent star, causing strong tidal forces between the two bodies. Tidal interaction can modify the dynamics of the system through orbital alignment, circularisation, synchronisation, and orbital decay by exchange of angular moment. Evidence for tidal circularisation in close-in giant planet is well-known. Here we review the evidence for excess rotation of the parent stars due to the pull of tidal forces towards spin-orbit synchronisation. We find suggestive empirical evidence for such a process in the present sample of transiting planetary systems. The corresponding angular momentum exchange would imply that some planets have spiralled towards their star by substantial amounts since the dissipation of the protoplanetary disc. We suggest that this could quantitatively account for the observed mass-period relation of close-in gas giants. We discuss how this scenario can be further tested and point out some consequences for theoretical studies of tidal interactions and for the detection and confirmation of transiting planets from radial-velocity and photometric surveys.
INTRODUCTION
Tidal interaction in a binary system leads to dissipation and echanges of momentum that tend, over time, to align the rotation axes of the two components, synchronise their rotation and orbital periods, and circularize the orbit. Evidence of these three effects are clearly observed in close binaries (for a recent review see Mazeh 2008) . Zahn (1977) and Hut (1981) have estimated the timescales of these processes for pairs of stars. Although the general features of tidal evolution in binary systems are well established, many of the details are still sketchy. Even the main process through which tides affect the orbital elements is not firmly determined, and the key intrinsic parameter Q (tide quality factor) is expected to vary by orders of magnitude for different objects and different orbital configurations. As a result, both the parametrisation and the absolute scale of the alignement, synchronisation and circularisation timescale are still very uncertain.
In the context of tidal interaction, systems with a closein gas giant planet can simply be considered as binary systems with an extremely large mass ratio. Theoretical timescales for tidal evolution from Zahn (1977) and Hut (1981) are generally used to justify the assumption of a circular orbit when studying close-in transiting planets, or to identify anomalous values of eccentricity or stellar rotation in systems with a close-in planet. A key difference with stellar binary systems is that, since the mass ratio is so extreme, the synchronisation of the stellar rotation will require a very large inward spiralling of the planetary orbit, through exchange of angular momentum.
Tidal timescales have been calculated specifically for planetary systems in several studies (e.g. Rasio & Ford 1996; Mardling & Lin 2002; Dobbs-Dixon et al. 2004 ), but these papers also stress that timescales in no way represent the whole story, and detailed integration of the dynamical evolution of these systems is necessary. Jackson et al. (2008) have recently carried out such integrations for several known transiting planets, and shown that the tidal evolution varies case by case, and could result in dramatic changes of the orbital parameters over time. Hut (1980) have established the limit below which an asymptotic equilibrium state towards which the system can evolve no longer exists, and Levrard et al. (2009) show that most known transiting planets lie below this limit. Even systems which satisfy the equilibrium condition may not be stable, because the parent star is not in a steady state. Its rotation is slowed down by magnetic drag, which can counteract the tidal forcing and evacuates angular momentum away from the system. As discussed by Dobbs-Dixon et al. (2004) for instance, if the magnetic drag is large enough, synchronisation is not possible.
In the absence of an aymptotic equilibrium, the ciru-larisation and synchronisation timescales lose their conventional meaning, and full numerical simulations are required to determine the evolution of the system. These integrations, though, require a good knowledge of the tidal quality factor Q both for the planet and the star. Matsumura et al. (2008) recently reviewed the knowledge of the tidal quality factor Q for close star-planet systems, and concluded that the observed circular orbits would indicate values of Q different by several orders of magnitudes from the values adopted for Solar-System giant planets. Theoretical tidal dissipation models indicate that the Q factor could even vary by orders of magnitudes depending on the frequency of forcing (G. Lesur, priv. comm.) . For these reasons, we choose in this study to consider the present data on transiting planets for signs of tidal evolution without a priori assumptions from theory, beyond the simple fact that the strength of tidal effects scales with the mass ratio of the system and a steep function of the orbital distance. Besides the well-known evidence for circularisation of planetary orbits, we look for signs of evolution of the stellar rotation towards synchronisation. Spin-orbit alignement is another tidal procees accessible to observations in transiting systems, but the present data is not sufficient for statistical analysis (Winn 2008; Hébrard et al. 2008 ). The fourth observable tidal effect -tidal locking of the planet's rotation -is out of reach of observations for extra-solar planets.
Obviously, these processes are only relevant if the orbits are not initially circular, aligned and synchronised. In the Solar System for instance , planetary orbits are nearly circular and aligned, not because of tidal effects, but as a relic of initial conditions after formation. The residual eccentricities are sustained by secular interactions with other planets. Formation scenarios of close-in planets by migration in a disc predict initially aligned orbits, with some possible eccentricity injected by interaction with the protoplanetary disc. Scenarios invoking violent dynamical interaction between planets after the dissipation of the disc predict a wider distribution of eccentricities (Ford et al. 1999; Chatterjee et al. 2008; Nagasawa et al. 2008 ). The present sample of known planets shows that after their formation planets occupy orbits with a very wide range of eccentricities, circular orbits being rare in the absence of tidal effects.
The present status of empirical evidence for tidal effects in close-in planetary system was summarized by Mazeh (2008) . Evidence for tidal circulatisation of planetary orbits is obvious in the period-eccentricity relation of the nontransiting exoplanets: planets with periods of a few days predominantly have circular orbits, while at longer periods planetary orbits cover a wide range of eccentricities. This is coherent with timescale calculations, given the leeway offered by the absence of independent constraint on the Q factor of hot Jupiters (e.g. Halbwachs et al. 2005) . Synchronisation of the stellar rotation with the planetary orbit can be excluded for all close-in planetary systems from the observed rotation rate of the host star, with a handful of exceptions located near the high-mass end of the planet range, including τ Boo, and HD 162020 (Butler et al. 2002; Udry et al. 2002) . This is also compatible with timescale calculations. The star synchronisation timescale for these two system is of the order of the Hubble time, because of the proximity and high mass of the planets. It is much higher than the Hubble time for other systems.
In Section 2, we re-consider the empirical evidence for tidal effects provided by the rapidly growing sample of transiting extra-solar planets. We find tentative but fairly convincing evidence for more indications of tidal evolution. In Section 3 we outline a possible coherent global picture that underlines the importance of tides to understand the orbital characteristics of close-in exoplanets.
EMPIRICAL EVIDENCE FOR STAR-PLANET TIDAL INTERACTION
2.1 A model-independent look at the transiting planet data
As discussed in the Introduction, common simplifications to estimate the relevant timescales, and the separation of tidal processes in the star and in the planet, may not be sufficient to predict the effects of tidal interactions on orbital properties. Since the objective of the present study is not to test any individual theory or tidal factors, but to identify empirical evidence for tidal evolution, we attempt to examine the observations in a manner as free of assumptions as possible. We identify the systems showing possible signs of tidal evolution, in a simple ranking in terms of the scales that affect the tidal effects. The two main scale factors in tide calculations are the ratio of masses between the two bodies, and the distance between the two bodies compared to their sizes. We take M pl /M * for the first factor, and a/(R pl R * )
for the second, since the relevant radius is that of the star or planet depending on which effect is considered and how the bodies react to tidal forces (Jackson et al. 2008 ). We choose this single factor for convenience. Since R pl and R * vary less than a for the present sample of transiting planets, and R pl and R * are correlated (bigger stars tend to harbour bigger close-in planets), using R pl or R * instead produces very similar results. The dynamical effects of tidal evolution can all be mimicked by other processes. Circular orbits can result from the planetary formation process, and parent stars can rotate more rapidly because they are younger, independently of tidal spin-up. Indeed, such object-specific explanations have been proposed in many cases for transiting planets. For instance, Alonso et al. (2008) mention young age as a possible explanation for the rapid rotation of COROT-Exo-2, and Ribas et al. (2008) invoke the possibility of an unseen second planet to explain the eccentric orbit of GJ436b.
Therefore, the presence of tidal effects has to be examined statistically on ensembles of planets rather than on individual objects. Past the 40-object mark, the present sample of transiting planets has become large enough to start doing this. Table 1 gathers the data relevant to the study of tidal evolution for 40 transiting extrasolar planets, from a survey of the literature: the mass and radius of the star and planet, the orbital period, and stellar rotation velocity (from the Doppler broadening of spectral lines 1 ) or rotation period (from the periodicity of spot-related variability). The last two quantities are connected through the relation Vrot · P = 2πR. Rotation velocities derived from spectral lines with an instrumental width larger than the rotational broadening are indicated in parenthesis, since they are more sensitive to systematic uncertainties.
Rotation velocity of planet-host stars
Field stars have a distribution of rotation periods that shows a strong dependence with spectral type. Late-type stars (M4 through to G) have long rotation periods (dozens of days) and low rotation velocities (a few km s −1 ). Early-type stars (F-A) rotate much more rapidly (periods of a few days and below, velocities of several dozen km s −1 ). The transition is understood to be due to the presence of a convective envelope in late-type stars, that slows down the stars from an initially rapid spin rate through magnetic breaking, combined with the fact that late-type stars are on average older and have had more time to spin down. The exception to this rule are young, late-type stars, which conserve part of their initial rotation momentum, in inverse relation to their age, as well observed in star clusters. Among solar-neighbourhood stars, such young, rapidly-rotating late-type stars are rare (less than 5%, Nordström et al. 2004) .
The rotation velocity of stars is best measured in different ways for late-type or early-type stars. In F-dwarfs, the rotation is rapid enough that the spectral lines are broadened beyond the instrumental broadening of highresolution spectrographs, so that the projected rotation velocity Vrot sin i can be measured from the width of the spectral cross-correlation function. For G and K dwarfs, the rotational broadening is usually below the instrumental broadening, and the rotation velocity can be recovered only with limited accuracy -typically ∼ 1 km s −1 uncertainty on a value of a few km s −1 . But the stellar rotation period can be measured with sufficiently precise photometric monitoring, by measuring the quasi-periodic brightness modulations due to the motion of starspots across the stellar surface. This has been done for instance in the cases of HD 189733 (Winn et al. 2006; Croll et al. 2007 ) and GJ 436 (Demory et al. 2007 ). In transiting planetary systems, the sin i and R * are known with sufficient accuracy, so that Prot can be translated into Vrot. Figure 1 shows the rotation velocity (for F stars) or period (for K-G stars) information for transiting planet host stars. The reference relation for F stars is taken from the median of the distribution of rotation velocities in Nordström et al. (2004) in 100 K temperature bins. The mean relation for K-G stars is taken from the 4.6 Gyr isochrone of rotation periods from Strassmeier & Hall (1988) .
From this figure, four systems are identified as having excessive rotation for their spectral type, HD 189733, Corot-Exo-2b, HD 147506, XO-3. Another four systems are above the mean relation, HAT-P-1, WASP-4, WASP-5, CoRoT-Exo-1. Late-type objects that have rotation periods longer than the 4.5 Gyr isochrones are flagged as showing normal rotation, while early type stars (T eff > 6000K) without significant excess rotation are flagged as "undetermined", since their intrinsically high rotation could hide a significant componant from tidal spin-up.
Empirical evidence of tidal excess rotation
The upper panel of Figure 2 shows the position of the transiting systems in terms of the scaling of tidal effects (from Par. 2.1). Objects with characteristics relevant to tidal evolution towards synchronous rotation of the star are indicated with special symbols (from Par. 2.2). The scale of tidal effects by the planet on the star increases towards the lower left of the plot. The dashed line shows the slope of constant synchronisation timescale according to Zahn (1977) ,
−2 . The plot shows a highly non-random relation between possible excess rotation and ranking in terms of synchronization timescale, suggesting a possible causal relationship. Because the tidal synchronisation timescale is much higher than 10 10 years for all these object, tidal spin-up has been dismissed as a possible cause of the high rotation of, for instance, HD 189733 ) and Corot-Exo-2 (Alonso et al. 2008) , and young ages preferred as a possible cause of excess rotation. However, the ensemble position of host stars with excessive rotation in Figure 2 makes it very likely that tidal effects have played a dominant part in a majority of these systems to explain the faster rotation than expected.
With hindsight, this is less surprising: the synchronisation timescale estimates the time needed to reach the asymptotic equilibrium stage, with the star turning as rapidly as the planetary orbit. But tidal forces can still affect the rotation of the star in a detectable way by compensating part of the magnetic drag and slowing down the secular decrease of the stellar spin.
Non-transiting planets and excess rotation
The tidal parameters are less well determined for nontransiting planets, because of the sin i indeterminacy on the stellar rotation velocity, and the less precise measurements of the stellar and planetary mass and radius. Nevertheless, close-in non-transiting planets offer a chance of confirmation of the presence of tidal excess rotation. We can produce a first-order "tidal mass-distance plot" for nontransiting planets. We use R = 1.2 RJ for planets heavier than Saturn, and an interpolation of the mass-radius relation defined by Solar-System planets in a log-log plane for lighter planets. The results are plotted on Fig. 3 . Five objects have tide strength values in the range of the transiting systems with possible excess rotation: τ Bootis, HD 73256, HD 86081, HD 179949 and HD 162020. The rotation rate of the five host stars clearly support the hypothesis of tidal evolution. Two of them have spin rates compatible with synchronous rotation, the heavy-planet hosts τ Boo and HD 73256. Two others are also probably synchronised, although the low sin i makes it difficult to tell (Udry et al. 2002 for HD 162020; Saar et al. 1998, for HD 179949) , and the last has a slightly too high rotation velocity for its spectral type , for HD 86081, V sin i = 4.2 ± 0.5 km/s). Thus the position of objects with possible excess rotation and synchronisation appears non-random as well for non-transiting planets, and coherent with the relevant panel of Fig. 2 for a single transition locus for significant spin-up.
Note that the detection of planets by the radial velocity method is very strongly biased towards slow-rotating parent stars. Doppler survey usually weed out fast-rotating targets, identified either by the broadening of the spectral lines about the instrumental resolution, or by activity-induced variability. Comparing the corresponding panels of Figures 2 and 3 illustrates the radial velocity bias compared to the transit method (see Section 4).
Evolution of the orbital distance
In order to conserve the total angular momentum of the system,
tidal excess rotation of the star must lead to a shortening of the orbital period (we neglect the contributions from planetary rotation and orbital circularisation). Therefore, under the assumption that, for the objects identified above, the stellar excess rotation is due to tidal interaction, one can recover the initial orbital distance, by putting the angular momentum of the excess rotation back in the planetary orbit. This will be an underestimate, since part of the angular momentum imparted to the star will be dissipated by the extra magnetic breaking caused by the faster spin. Figure 5 shows the resulting minimal initial orbital distance obtained in this way for the two objects with precisely measured rotation velocity, HD 189733 and Corot-Exo-2, assuming the moment of inertia of the Sun (I/M R 2 = 0.06) for host stars. Although only two "hot Jupiters" can be analysed in this way, the result is extremely suggestive: computing the initial distance places these two objects back at the typical distance of less massive hot Jupiters, therefore exactly compensating the observed mass-period relation shown byMazeh et al. (2005) . This suggests that the mass-period Axes, symbols and line as in Fig. 2 relation may be entirely due to secular tidal spin-up and orbital decay for the heaviest hot Jupiters, after an initial mass-indifferent pile-up near P = 3 days.
This scenario has another important consequence: companions ending up near P = 3 days with masses near 2 MJup and higher would have a strong enough coupling with the star to spiral inwards all the way to the Roche limit within the lifetime of the star, a scenario probably resulting in their destruction. At higher masses (M pl > I * M * R 2 * M * R * V synch /aV init orb ), the heaviest planets will have enough angular momentum to bring the star to synchronisation before spiralling all the way into the star, and reach a tidally locked state, provided their starting position lies beyond a certain critical distance.
Evidence for tidal circularisation
Although initially unexpected, the wide range of planetary eccentricities is now well established (e.g. Halbwachs et al. 2005 , for a recent discussion) from the large sample of planets detected by radial velocity. The effect of tidal circularisation is also clearly seen: orbits shorter than 6 days are usually circular.
The exceptions -very short period, eccentric orbitsare often attributed to possible eccentricity-pumping by an unseen planetary companio . However, it is remarkable that on the lower panel of Figure 2 that the transiting planets with markedly eccentric orbits are all situated at the outer edge of the sample in terms of scales relevant to tides. Figure 3 shows the same plot for non-transiting planets. The location of planets with eccentric orbits in this plane is also compatible with a single limit. In the most populated part of the parameter space, this limit it comparable to that defining excess stellar rotation -suggesting a separation between systems strongly affected by tidal evolution and others.
Consequently, an extraneous cause for eccentric orbits is not required for any planet, and in all cases the eccentricity could be a relic of the initial orbit after formation, possibly decreased by incomplete circularisation, without the need to invoke the influence of another planet or star. Remarkably, this is also the case for GJ436b, whose short orbital period is compensated by the small scale of the system. The very low mass of GJ 436b suggests that the tidal quality factor Q may be in a significantly different regime than gas giant planets. Therefore, while the existence of an eccentric orbit at such a small orbital distance (2.6 days) is surprising at face value and has been thought to require an additional planetary companion, when the system is scaled in size, it turns out that the tidal effects are comparable to other cases that have kept their eccentric orbit. Therefore the eccentricity of GJ436 could be a relic of formation.
Relation with planet size
One of the most remarkable feature of the present sample of transiting planets is the large spread in radius of hot Jupiters, and the presence of several planets with sizes much larger than predicted by structure models. Several types of explanations have been proposed to account for these "bloated" hot Jupiters, such as increased opacities (Burrows et al. 2007 ), transformation of part of the incident stellar flux into mechanical energy (Guillot et al. 2006) , and tidal heating, with (Winn et al. 2006) or without (Jackson et al. 2008) requiring the presence of an additional planet.
In relation to the present study, tidal effects like orbital circularisation inject internal energy into the planet, and therefore delay its contraction. Jackson et al. (2008) have estimated the amount of tidal energy absorbed by the Figure 4 . Mass ratio vs. system "scale" a/(R * R pl ) 1/2 for transiting planets. Closed symbols mark planets with large excess radius (circles, R pl −σ R >1.3 R J ) and moderate excess radius (squares,
planet during orbital circularisation, and show that it is large enough to affect the planetary radius.
We repeat our analysis of tidal scales, identifying planets with anomalously large radii, by comparison of their observed position in the mass-radius diagrams with theoretical models from Baraffe et al. (2008) . The result is shown in Fig. 4 , on the same plane as Fig. 2 .
If tidal effects were related to radius excess, some correlation would be expected between the strength of tidal forces and the excess radius. Correlation does not prove causality, however, and the link can be indirect. For instance, Fressin et al. (2007) recently pointed out the strong correlation between excess radius and the incident stellar flux, supporting the scenario of Guillot et al. (2006) . Incident flux, like tidal effects also scales with a/R. Fig. 2 shows that, in the present sample, the correlation of excess radius is stronger with a/R than with the strength of tidal effects. The present sample of transiting planet is not sufficient to distinguish between the two types of explanations without further modelling, but it does suggest that tidal effects are not the main factor in determining the size of close-in gas giant planets and that the intensity of the incident flux is a better candidate.
TIDAL EVOLUTION IN THE MASS-PERIOD PLANE
If the tentative indications provided by the present sample of transiting planets are confirmed, the following overall picture emerges:
-close-in planets end up the formation phase on orbits with a wide distribution of eccentricity,
-tidal interaction with the star circularise the planetary orbit, beginning around log(a/R) = 1.5 for 2-MJ planets, then circularizes it. Early signs of circularisation are visible already at larger distances, -for planets lighter than Jupiter, the circularisation is not accompanied by significant orbital decay and effect on the star, -for planets with mass comparable to Jupiter or slightly heavier, circularisation is accompanied by significant orbital decay, leading to a mass-period relation, and possible destruction for M ∼ 1 − 2MJ, -still heavier planet produce a marked stellar excess rotation, and corresponding orbital decay, during the process of tidal evolution and circularisation. If their initial position exceeds a critical value, they may reach a spin-orbit synchronous state with the star,
-as a result of this evolution, the orbital characteristics of very close-in planets ("hot" planets) are profoundly modified by tidal interactions, including the orbital distance and period. Planets lighter than 2 MJ and closer than a few days are "sheperded" along a mass-period trend controlled by tidal angular momentum exchange and possibly tidal inflation of the planet. The period-mass relation of close-in planets cannot be used at face value to constrain formation and migration scenarios.
If this interpretation of the data is correct, we can roughly divide the mass-period plane for exoplanet according to their sensitivity to tidal evolution. Figure 6 sums up the observable effects of tidal evolution as inferred here from transiting planets. The possible transition zone where orbital circularisation and orbital decay occur is indicated, as well as the Roche limit (with reasonable assumptions on the mass-radius relation of planets).
Planets at the weak end of the scale of tidal effects can conserve eccentric and misaligned orbits. Jupiter-mass planets placed near the 3-days limit will substantially affect the rotation of their parent star, moving closer in the process by orbital decay, down to 1-2 day periods. Planets near the 2-3 Jupiter mass range will undergo strong orbital decay, facing potential destruction if they start on a close orbit. Large planets or brown dwarfs in the 5-15 Jupiter-mass range will spin up their host star substantially if they orbit close enough, all the way to synchronous rotation. Lighter planets will not affect their star detectably. If they are close enough, they will spiral inwards to the Roche limit in a short time.
As more objects fill the diagram, this global interpretation can be tested and refined.
In Figure 6 , the two known transiting stars with the lowest masses are also plotted, OGLE-TR-122 ) and OGLE-TR-123 ). These objects show that the connection with stellar binaries is coherent, with the first object having an orbit still eccentric but clear evidence of excess rotation of the primary, and the second a circular and synchronous orbit. Figure 6 shows, for HD 189733, τ Boo and OGLE-TR-123, the initial orbital distance assuming that all the angular momentum of the star is put back in the orbit. The initial positions will be placed near the limit of tidal spin-up, which provides additional support to this interpretation. It also suggests one of the reasons for the inaccuracy of tidal timescales calculated from present orbital parameters: the initial orbit could have been very different. For OGLE-TR-122 for instance, the initial position is above the frame of the plot.
From this figure, several predictions and possible tests of our tentative interpretation of the data emerge: • the rotation period of host stars with planets in the spin-up zone should be shorter than average. This includes TrES-3, OGLE-TR-56, OGLE-TR-113
• planets in the rapid orbital decay zone will be rare (M > 2MJ , P < 2 d)
• planets at the edge of the circularisation zone may have residual small but detectable eccentricities, namely OGLE-TR-132, XO-1, OGLE-TR-111, OGLE-TR-211, HAT-P-3
• seemingly "young" late-type stars will be more abundant among close-in host stars from transit surveys than in the general field
• many heavier hot Jupiters were missed by Doppler surveys around late-type targets because of the rapid rotation of the primary.
CONSEQUENCES FOR PLANET DETECTION AND STATISTICS
Tidal evolution is related to a strong selection bias in exoplanet detection: rotating stars have broadened spectral lines, and the detection of planetary-amplitude Doppler reflex motion is increasingly difficult. Moreover, late-type fast rotators are usually photometrically active, because of magnetically generated star-spots, which produces asymmetries in the line shapes that can mimic planetary orbits. For this reason, stars with excess rotation are usually dropped from planet searches, producing a strong bias against systems with tidal spin-up. Photometric transit searches suffer a smaller bias in this respect. The spectroscopic follow-up is usually carried out even in the presence of stellar rotation. Still, systems showing rotation velocities compatible with tidal synchronisation or photometric effects showing rotation of the primary with a period comparable to that of the transit signal, are often dismissed from transit planet searches as probable eclipsing binaries.
If the interpretation presented in this paper is correct, we would predict the existence of close-in planets that have substantially affected the rotation of their star, and escaped detection as a result. Specifically, there may be undetected planets at the high end of the mass range (5-15 MJ ), with spin-orbit synchronisation. These could be detected by including late-type stars in rapid rotation in normal planet searches, since the high amplitude of the radial-velocity orbit will partly compensate the lower precision. The importance of this selection bias may be worth investigating in more quantitative details.
We also predict planets near the 1-day, 2 MJ mark, that have pulled their host star somehow towards synchronisation. The example of HD 189733 shows that slightly active and rotating stars should not be excluded from Doppler planet searches before checking for the presence of a highamplitude, short-period orbital signal. This may explain the 2-sigma incompatibility between the abundances of very short-period hot Jupiters from transit surveys and Doppler searches (Gaudi et al. 2005) .
Another implication is relevant to photometric transit searches: our interpretation predicts the existence of planets undergoing strong orbital decay, with host stars rotating rapidly. This kind of system will not fit the assumptions of standard photometric transit search and may be missed by detection algorithm and manual candidate selection. They will show rotation-induced variability on short timescales, and a very short-period transit signal, with a long duration in phase. Figure 7 shows the possible lightcurve of such a Figure 7 . Possible light curve of an imaginary transiting planet with P ∼ 0.9 days and M ∼ 2M J , having imparted significant angular momentum to its solar-type host star and spiralled inwards, as would be measured with a continuous sampling of 6 minutes and a noise of 3 · 10 −3 on individual points (built from the lightcurve of CoRoT-Exo-2).
putative system, obtained by scaling the case of Corot-Exo2b (Alonso et al. 2008 ), a system with intermediate orbital decay and stellar excess rotation.
SUMMARY AND CONCLUSIONS
We have examined the set of known transiting extrasolar planets as a whole for signs of tidal evolution. We find evidence for well-defined limits in parameter space beyond which the orbits of planets are circularized, and beyond which the host star shows sign of excess spin due to tidal effects, roughly following the dependence expected from simple scale arguments. We find that all presently observed eccentric orbits and fast-rotating host stars for transiting planets are compatible with tidal evolution -and that alternative explanations in terms of 3-body mechanisms or young stellar ages are not required. The data for non-transiting close-in planets, although less precise, confirm this global picture.
These tentative conclusions would imply that below a certain distance (P ∼ 3 − 5 days), the orbital properties of planets are controlled by tidal effects. Not only the orbital eccentricity, but also the orbital distance and stellar spin, can be very different from the ones set after planetary formation. In order of increasing mass, we would expect close-in planets to be unaffected (M << MJ ), circularized (M ∼ MJ ), spiralling in (M ∼ 1 − 2MJ ), destroyed (M ∼ 2 − 3MJ ), synchronised (M >∼ 3MJ ). The observed mass-period relation of hot Jupiters (Mazeh et al. 2005) would be a footprint of this mass-dependent "sheperding" of close-in planets.
One important practical implication is that tidal spinup of the host star will produce a strong detection bias against massive, close-in planets, especially in Doppler surveys.
